We establish the global existence of smooth solutions to the Cauchy problem for the one{dimensional isentropic Euler{Poisson (or hydrodynamic) model for semiconductors for small initial data. In particular we show that, as t ! 1, these solutions converge to the stationary solutions of the drift{di usion equations. The existence and uniqueness of stationary solutions to the drift-di usion equations is proved without the smallness assumption.
Introduction
In this note we are interested in the large time behavior of the solutions for the one{ dimensional Euler{Poisson (or hydrodynamic) model for semiconductors in the simple isentropic case, where the energy equation is replaced by a pressure{density relation. Our model equations are given by the one{dimensional system (see e.g. MRS]) 8 > < > : n t + (nu) x = 0 (nu) t + (nu 2 + p(n)) x = nE ? nu E x = n ? b(x) (1.1) for (x; t) 2 IR 0; +1). The system is supplemented with the initial conditions n(x; 0) = n 0 (x) u(x; 0) = u 0 (x) (1.2) for all x 2 IR. Here n denotes the electron density, u the (average) particle velocity and We set j = nu for the current density. The function b(x) stands for the density of xed, positively charged background ions; p = p(n) is the pressure{density relation, p 0 (n) > 0 for n > 0.
Global existence of weak entropy solutions to the Cauchy problem (1.1){(1.2) has been shown by Marcati and Natalini in MN1] . Here we are interested in the global existence and large time behavior of smooth solutions.
To give the feeling of the problem, let us introduce the new time scale s = t and denote the corresponding scaled quantities by N (x; s) = n x; s ; J (x; s) = 1 j x; s ;Ê (x; s) = E x; s : This fact was proved in MN2] for weak solutions, using the tools of compensated compactness. The general polytropic case has then been investigated in GN] . It is also clear that the limit ! 0 is closely connected with the asymptotic behavior of the solutions. Here we directly study the limit t ! 1. In the following let us assume = 1 in (1.1) for simplicity. (1.11) In section 2 we shall prove the following existence and uniqueness result for these stationary solutions. Theorem 1.1 Suppose b(x) satis es the condition (1.5){(1.7) and p satis es (1.8), then there exists a unique solution (N; E) to the problem (1.9){(1.11).
In section 3, we shall investigate the global existence and large time behavior of the solutions to the drift{di usion equations (1.4). The initial data of (1. The electric eld at t = 0 is given byÊ(x; 0) = R x ?1 (N 0 (y) ? b(y))dy + E ? . Theorem 1.2 Suppose osc x2R b(x) is su ciently small. There exists a positive number 0 such that if kv(x; 0)k H 2 0 , then there exists a unique global smooth solution (N(x; t);Ê(x; t)) of (1.4) with initial data (N 0 (x);Ê(x; 0)). Moreover, let (N; E) be the (unique) solution of (1.9){(1.11). for some positive constantsK and K.
The main purpose of this paper is to study the global existence and large time behavior of the solutions to (1.1){(1.2). This is done in Section 4. Let '(x; 0) = n 0 (x) ? N(x) ; j 0 (x) = n 0 (x)u 0 (x) and e(x; 0) = for some positive constants ; K.
Let us remark that a key argument in this work is that, thanks to assumptions (1.6) and (1.7), the density functions n, N and N are always strictly positive. Problems arising at vacuum are widely beyond the purposes of this paper and will be not considered here.
2 Existence and uniqueness of stationary solutions
The purpose of this section is to prove Theorem 1.1. The proof is based on the following a priori estimates.
Theorem 2.1 Suppose b(x) satis es (1.5){(1.7) and p satis es (1.8). Let (N; E) be the solution of (1.9){(1.11) given by Theorem 1.1. Then the following estimates hold: We claim that there holds also j (x)j ; jxj < K :
Since is an arbitrary positive number, (2.30) and (2.31) imply (x) 0, for all x 2 IR and (x) = 0 holds as a consequence of (2.29). The existence and large time behavior of solutions to the Cauchy problem for (3.6) will follow from the following a priori estimate which will be proved by an energy method. E(x; t) = E(x) + e(x; t) : We turn now to the estimates of the terms in (4.60).
Since we do not assume that b(x) 2 C 1 , so we can not get the bound of N xxx . Thus, we must pay attention to the second and fourth terms in (4.60).
Integration by parts gives, in view of (4.13), (4.14), 
